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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 8

999 18™ STREET- SUITE 300
DENVER, CO 80202-2466

Phone 800-227-4917
http://www.epa.gov/region08

Ref: 8EPR-PS June 23, 2006

Dear reader of the Draft Internal USEPA Region 8 Working Document entitled "Summary of Asbestos Levels
in Ambient Air in Libby, Montana" dated December 5, 2005.

The purpose of this letter is to clarify the draft status of the document entitled "Summary of Asbestos
Levels in Ambient Air in Libby, Montana (December 5, 2005)," and highlight important limitations of the
data and resultant conclusions. The reader is reminded that the document represents a draft internal
working document intended for USEPA review only and should be considered preliminary in nature. Our
goal is to perform further data collection and analysis to strengthen the report. Neither the data nor the
conclusions presented within this draft document should be considered final.

Important limitations of the draft document are summarized below.

• Data presented in the draft document are incomplete because of lack of seasonal and geographic
representation over time, and there are an insufficient number of data points at adequate
sensitivity.

• The analysis presented in the draft document preliminarily assumes that "non-detect" values are
equal to zero. USEPA Region 8 is currently reviewing this approach for analyzing "non-detect"
results.

• The methodology for estimating risk ranges is preliminary and should be considered draft.
• Evaluation of risk in the draft document is limited to a single pathway and does not address

cumulative exposure from multiple pathways at the Site.

The draft document highlights the need for further investigation of outdoor ambient air in Libby and its
vicinity, specifically 1) collection of additional outdoor ambient air data, 2) refinement of the methodology
for estimating risk ranges for the Libby population, and 3) consideration of cumulative exposures in
evaluating risk.

For further information please contact Jim Luey at (303) 312-6791.

Sincerely,

Bill Murray
Program Director
Program Support Group
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Gayla Benefield, LATAG
Dr. Gerry Henningson, LATAG
Rita Windom, Lincoln County Commissioner
John Konzan, Lincoln County Commissioner
Marianne Roose, Lincoln County Commissioner
Tony Berget, Libby City Mayor
Catherine LeCours, MDEQ
Linda Newstrom, CDM
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SUMMARY OF ASBESTOS LEVELS IN AMBIENT AIR
IN LIBBY, MONTANA

1.0 INTRODUCTION

Site Description and History

Libby, Montana, is a community located near an open-pit vermiculite mine which began
limited operation in the 1920's and was operated on a larger scale by the W.R. Grace
Company from 1963 to 1990. Vermiculite from this mine contains varying amounts of
amphibole asbestos (referred to in this report as Libby amphibole, or LA) which, when
inhaled, may pose a threat to human health. In the past, mining, milling, processing, and
shipping of vermiculite products at the Libby mine led to the release of LA fibers into air
breathed by workers, and epidemiological studies of workers at the site indicate an
increased incidence of asbestos-related cancer and non-cancer disease (Amandus and
Wheeler 1987, Amandus et al. 1987, McDonald et al 1986a, McDonald et al. 1986b,
McDonald et al. 2002, McDonald et al. 2004).

Residents in Libby may also have been exposed to asbestos from a number of non-
occupational sources, including vermiculite used for indoor insulation in unenclosed
locations, vermiculite or other mine wastes in piles located around town, vermiculite used
as fill in yards or gardens, and soils contaminated by fallout of vermiculite and/or LA
from airborne releases from mining, processing and shipping activities. Such non-
occupational exposure pathways have also been associated with evidence of asbestos-
related disease and mortality (Peipens et al. ATSDR 2002a,b)

In 1999, the U.S. Environmental Protection Agency (USEPA) began conducting
investigations in Libby to identify the most important current sources of asbestos
exposure in and about the community, and has been undertaking a range of clean-up
activities at the site to remove these sources and reduce or eliminate exposure to materials
that contain LA. Under current site conditions, the primary sources of concern are
believed to be: a) unenclosed vermiculite in indoor spaces, 2) vermiculite and/or LA in
outdoor soils, and 3) vermiculite and/or LA in indoor dusts. The exposure pathways of
potential concern to residents include inhalation of asbestos particles in 1) ambient
outdoor air, 2) outdoor air in the immediate vicinity of activities that disturb source
materials, and 3) indoor air in homes or business where indoor dusts have become
contaminated (USEPA 2003a).

Purposes of this Document

As noted above, one of the exposure pathways of potential concern to residents of Libby
is inhalation of LA in ambient outdoor air. The purposes of this report are to:

1. Summarize data that have been collected on the level of LA in ambient air in
Libby.
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2. Investigate whether there are any detectable spatial or temporal trends in ambient
air levels of LA.

3. Compare the levels observed in Libby to levels observed in other locations.
4. Provide an assessment of the level of health concern to residents of Libby

associated with current levels of LA in ambient air.

2.0 SUMMARY OF AMBIENT AIR MONITORING IN LIBBY

Historic Data

Historic data on the occurrence of LA in ambient air in Libby are extremely limited.
However, it is believed that historic levels (i.e., during the time that the mine was active
and vermiculite milling, processing and transporting was occurring in and around the
community) were almost certainly much higher than under present conditions. The few
historic ambient air samples available (collected by phase contrast microscopy (PCM))
indicate that airborne fiber concentrations in the downtown area of Libby may have at
least periodically, and perhaps more consistently, exceeded the present occupational
Permissible Exposure Level (PEL) of 0.1 fiber/cc (MRI 1982, Eschenbach deposition).

Recent Data

Beginning around 2000, EPA began collecting ambient air samples at a number of
locations around the community in order to gain an initial understanding of the levels of
LA typically observed in outdoor air. Locations where samples were collected included:

• Fitness Center at the City Hall Building (952 East Spruce Street)
• McGrade Elementary School (899 Farm to Market Road)
• Plummer Elementary School (247 Indian Head Road)
• Rainy Creek Road
• Lincoln County Courthouse Annex (41 8 Mineral Avenue)
• Lincoln County Landfill
• Station FA-1 (on the northwestern boundary of the River Runs Through It"

subdivision)
• Stimson Lumber Property

In addition, samples of ambient air were collected at 27 properties in Libby where EPA
clean-up activities were scheduled. These samples were collected before clean-up began,
and the measurements were intended to help determine if the cleanup activities caused a
measurable release to ambient air.

Figure 1 shows the location of all of these sampling stations, along with a brief
description of each site and a summary of the number and dates of samples collected.
For convenience, these samples are grouped according into several spatial zones, as
follows:
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• Zone 1: downtown, east of California Avenue
• Zone 2: downtown, west of California Avenue
• Zone 3: the area south of Stimson Lumber
• Zone 4: the vermiculite mine and Rainy Creek Road
• Zone 5: the screening plant and adjacent area known as the Flyway.

All samples were collected using stationary air monitors. This type of sampler draws a
known volume of air (typically 1000-4000 L) through a mixed cellulose acetate filter,
trapping asbestos particles on the filter surface. These filters were analyzed for LA
primarily by transmission electron microscopy (TEM) using either ISO 10312 or
AHERA counting rules. For the purposes of this report, results for these two counting
rules are treated as being approximately equivalent, as detailed in USEPA (2005a).

Some samples, especially those collected in the very early phases of the site
investigation, were also analyzed for asbestos by phase contrast microscopy (PCM).
However, PCM does not distinguish LA from other forms of asbestos, nor does PCM
distinguish asbestos from a variety of fibrous non-asbestos materials. In addition, TEM
operates at a much higher magnification than PCM, and so it has a greater ability to
recognize and include thin fibers. For these reasons, this report focuses only on the
results of the TEM analyses.

3.0 SAMPLE IDENTIFICATION

For the purposes of this report, an ambient air sample is defined as any stationary outdoor
air sample collected in or about the community under conditions where there were no
known nearby activities or disturbances that might cause a temporary elevation of LA
fibers in air.

Because TEM ambient air samples entered into the Libby2 database were not explicitly
identified as such, it was necessary to use a multi-step process to separate out ambient air
samples from other types of air samples that have been collected and analyzed at the site.
Table 1 provides a list and brief description of the sequence of steps that were followed to
identify the ambient air samples. Attachment 1 provides the Microsoft Access® query
used to implement these selection steps in the Libby2 database. This selection procedure
was applied to all air samples in the database that were collected from January 2000
through November 2004 (the date of the query). This date range represents the time
when EPA initiated ambient air testing in Libby to the point when the database was
queried in preparation for this report. Based on these criteria, a total of 404 ambient air
samples were identified. These samples are detailed in Attachment 2. Subsequently, a
set of 33 ambient air samples was selected for reanalysis from the original 404 TEM
ambient air samples identified. These samples were selected for reanalysis in order to
improve the sensitivity of the samples for comparison to available health-based criteria
(see Section 5.0 below for details).
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4.0 RESULTS

Figure 2 shows the measured concentration of LA in each of the 404 ambient air samples,
stratified by zone and by collection date. The error bars indicate the statistical (Poisson)
uncertainty around each measured value. Summary statistics for these samples are
presented in Table 2.

While the database query looked for samples from January 2000 through November
2004, all of the ambient air samples identified in the Libby 2 database were collected
between January 2000 and November 2002 (as seen in Figure 2). This is because a
majority (85%) of all of the ambient air samples collected between 2000 and 2002 were
non-detects (NDs) for LA. As a result, EPA risk managers determined near the end of
2002 that continued monitoring of ambient air beyond 2002 was not needed to support
interim decision-making at the site.

As shown in Table 2, the two highest detection frequencies (17%-34%) and the two
highest mean air concentrations of LA in detects (approximately 0.004 to 0.006
s/cc)were observed in Zone 4 (Rainy Creek Road and the mine area) and in Zone 5 (the
screening plant area). In the main commercial and residential sections of Libby (Zones 1,
2 and 3), the detection frequency was lower [(12+2+2)7261 = 6%] that in Zones 4 and 5,
and the concentration of LA in detects in Zones 1, 2 and 3 also tended to be a few-fold
lower (approximately 0.001 to 0.003 s/cc) than the mean concentration of detects in Zone
4 or 5. Within the main commercial and residential sections of Libby (Zones 1, 2, and 3), /f
Zone 1 exhibited a higher detection frequency (11%) compared to Zone 2 (2%) or Zone 3 '4
(4%). Overall (all five zones combined), 60 of 404 ambient air samples (15%) were
observed to contain one or more LA structures. For these 60 detects, the average TEM
LA air concentration was 0.0044 s/cc, with a range from 0.0002 s/cc to 0.033 s/cc. For
the non-detect samples (364 out of 404), sensitivity averaged about 0.003 s/cc. The best
estimate of the average concentration1 across all 404 samples is 0.00065 s/cc.

However, confidence in this estimate of the mean concentration of LA in ambient air in
Libby is limited by the high frequency of non-detects, and by the relatively high
sensitivity of most non-detect samples. To address this limitation, a sub-set of ambient
air samples was selected for re-analysis by TEM in order to improve (decrease) the
sensitivity and decrease the uncertainty in estimates of concentration, as described below.

5.0 RE-ANALYSIS OF SELECTED SAMPLES

Selection Procedure

A set of 33 ambient air samples were selected for re-analysis. These samples were
selected from the set of 404 samples described above, using a stratified random approach

' As discussed in Libby Technical Memo 16 (USEPA 2005c), the best estimate of the average
concentration was calculated by assigning a value of zero to all samples in which no LA structures were
observed ("non-detects").
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in which a number of samples were selected for each zone and each year, in order to
ensure that the samples were both spatially and temporally representative. In selecting
samples for re-analysis, greatest emphasis was placed on Zones 1, 2 and 3, since these
zones represent the main residential and commercial areas of Libby (see Figure 1). Only
one residential property is represented in the ambient air dataset within Zone 5 and no
residential properties are represented in Zone 4. Therefore, no samples were selected for
re-analysis from Zone 4 and one sample was selected from the single residential property
was selected from Zone 5. The number of samples available and the number selected
from each zone and each year are summarized below:

Zone

1
2
3
4
5

Total

Year 2000
Total

33
30
27
119
3

212

Selected
3
4
3
0
0
10

Year 2001
Total

30
33
10
0
0
73

Selected
3
5
2
0
0
10

Year 2002
Total

45
37
16
0

21
119

Selected
5
4
3
0
1

13

Total
Selected

11
13
8
0
1

33

Target Sensitivity

The target sensitivity identified for the re-analysis of these samples was 0.0001 total
TEM LA s/cc. This target sensitivity is based on the concentration that would correspond
to a predicted lifetime excess cancer risk of about ] person in 10,000 (IE-OS) in an
individual exposed 24 hours per day for a lifetime, using the IRJS risk model for
calculation of cancer risk (USEPA 2005b). Details of the approach EPA uses to calculate
risk from LA are presented in USEPA (2003a).

Results for the Re-analysis Samples

Attachment 3 provides the detailed analytical results for the 33 ambient air samples
selected for re-analysis. The results are shown in Figure 3, stratified by zone and year.
Note that the scale in Figure 3 is 10-fold smaller than in Figure 2, so direct comparisons
should take this into account. Inspection of Figure 3 suggests there is no apparent
difference in concentration values between Zones 1, 2, or 3. Consistent with the original
analysis data in Table 2, the one value from Zone 5 is higher than for Zones 1-3, but it is
difficult to judge from a single re-analysis sample whether this difference is meaningful
or not.

Table 3 presents summary statistics for the original results for these 33 samples (Panel
A), along with the results following re-analysis (Panel B). As seen, the re-analysis
resulted in an average sensitivity that was about 30 times lower than the original
sensitivity (decreasing from 0.0028 s/cc to 0.000096 s/cc), and the best estimate of the
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mean2 decreased from 0.00057 to 0.00026 s/cc. The uncertainty bounds around these
means were estimated using Monte Carlo simulation, as described in Attachment 4.
Comparison of the results for the original analyses (Panel A) with the results for the re-
analysis (Panel B) reveals that the mean values for the re-analysis samples fall within the
90% confidence interval for each of the zones evaluated, alone and combined. However,
the width of the uncertainty intervals are decreased substantially in the re-analysis
samples compared to the original analyses.

A more detailed pair-wise comparison of the original and re-analysis results of the 33
selected samples is presented in Figure 4. The error bars in this figure represent the 90%
statistical (Poisson) confidence bounds around each measured concentration. As shown,
the primary effect of re-analysis is to substantially decrease the uncertainty bounds
around each estimate, while simultaneously improving the best estimate of the mean
ambient air concentration. Of the 26 samples that were non-detects in the original
analysis, nine had one or more LA structures detected in the re-analysis, with an average
concentration of 0.00037 s/cc. Of the 7 samples that were previously detects (mean =
0.0027 s/cc), all 7 remained detects in the re-analysis, with an average concentration of
0.00075 s/cc. This decrease in the average value of detects is expected, since the
sensitivity of the original analysis (about 0.003 s/cc) was higher than the actual mean
concentration (0.0003 s/cc), and the detection of even one structure in a sample will
always result in a concentration value that is higher than the mean.

6.0 TIME TRENDS
^-^*?fc.

Inspection of Figure 2 and Figure 3 reveal that there is little or no apparent time trend in '••';
ambient air samples over the period 2000-2002. However, this may be because the time
interval over which samples were collected is too narrow to detect the beneficial effects
of remedial activities in the community.

7.0 COMPARISON TO LEVELS OBSERVED ELSEWHERE

A number of reports have been published that include data on the level of asbestos in
ambient air in a variety of other locations. These data have been summarized in USEPA
(2004). Most of the data include few or no details on sampling locations and methods, or
on analytical methods and counting rules. It is suspected that most of the data are for
chrysotile rather than amphibole, but this is not certain. Nevertheless, it is of interest to
compare the concentration values of LA observed in Libby to the data reported in the
literature. This is shown in Figure 5. In this figure, each data point represents a reported
ambient air level derived from the literature, and the horizontal bar represents the mean
concentration of LA in ambient air in Libby (0.00026 s/cc). As seen, the average
concentration of LA in ambient air in Libby overlaps the range of asbestos values
reported in outside air at other locations, suggesting that asbestos levels in ambient air in
Libby are similar to those observed at other locations.

2 As discussed in Libby Technical Memo 16 (USEPA 2005c), the best estimate of the mean concentration
was calculated by assigning a value of zero to all samples in which no LA structures were observed ("non-
detects").
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8.0 RISK CHARACTERIZATION

As discussed in USEPA (2003a), there are at present two alternative methods for
estimating health risks to people who are exposed to asbestos in air. The first is the
method described in USEPA (1986), and the second method is detailed in USEPA
(2003b). USEPA (1986) evaluates risks from asbestos based on measured levels of PCM
fibers in air, which treats amphibole and chrysotile fibers as being equally toxic. In
contrast, USEPA (2003b) evaluates the risks from amphiboles and chrysotile separately,
and assigns the greatest potency to fibers that are long (> 10 um) and thin (< 0.4 um).
For convenience, these are referred to as protocol structures (PS). In both methods, the
level of risk depends on the concentration of asbestos in air, the duration of exposure, and
the age when exposure occurs. The details of how the risk computations are performed
are presented in Appendix E of USEPA (2003b).

In both risk models, the concentration of asbestos must be expressed in terms of the type
of particles evaluated by the model (PCME structures for USEPA 1986, protocol
structures for USEPA 2003b). As discussed in USEPA (2003a), at this site the
concentrations of PCME structures and protocol structures are estimated by multiplying
the total LA concentration by a constant (referred to as the "risk fraction"), which is the
fraction of all LA particles that meet the counting rules for each risk model. Based on the
most recent download of the LA particle size data from the Libby database (performed On
9/12/2005), the risk fractions are 0.46 for PCME structures and 0.055 for protocol
structures. Based on this, the average concentrations of PCME and protocol structures in
ambient air are estimated as follows:

PCME:
Protocol structures:

0.00026 total LA s/cc * 0.46 = 0.00012 PCME s/cc
0.00026 total LA s/cc * 0.055 = 0.0000014 PS/cc

Based on these concentrations, the risks for a range of alternative exposures were
evaluated. Risks from 9 years of exposure were evaluated because 9 years is the
exposure duration used as a default value for assessing risks to residents with central
tendency exposure (CTE). Risks from 30 years of exposure were evaluated because 30
years is the exposure duration used as a default for a resident with reasonable maximum
exposure (RME). Risk from lifetime exposure was included to define the maximum risk
that could occur. Results are shown below:

Estimated Risk of Cancer from Exposure to LA in Ambient Air
Exposure
Duration

9 years
(CTE)

30 years
(RME)
Lifetime

Age at
Exposure

(yrs)
0-9

21-30
51-60
0-30
21-50

Birth-Death

Risk Method
USEPA 1986

Best Est.
l.OE-05
4.6E-06
1.4E-06
2.4E-05
l.OE-05
3.2E-05

90% Cl
8.6E-06-1.2E-05
3.9E-06 - 5.5E-06
I.2E-06- 1.7E-06
2.0E-05 - 2.8E-05
8.7E-06- 1.2E-05
2.7E-05 - 3.8E-05

USEPA 2003
Best Est.
3.2E-05
1.2E-05
1.5E-06
7.1E-05
2.3E-05
8.5E-05

90% CI
2.7E-05 - 3.9E-05
l.OE-05- 1.4E-05
1.2E-06- 1.7E-06
6.0E-05 - 8.5E-05
1.9E-05-2.7E-05
7.2E-05- I.OE-04
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[NOTE TO EPA REVIEWERS...these risk estimates are tentative, and may change
subject to review comments on the mortality and smoking data used to calculate asbestos
risks]

As seen, risks to an RME resident (30 years of exposure, beginning at age zero) are about
2.4E-05 based on the USEPA (1986) risk model, and are about 7.1E-05 based on the
USEPA (2003) risk model. Lifetime risks are slightly higher (3.2E-05 to 8.5E-05).

9.0 CONCLUSIONS

These results indicate that LA occurs in ambient air in Libby. The sources of these fibers
are not known with certainty, but it seems likely that wind-borne transport of particles
that are present in soils and dusts around the community is one important component.
Concentration levels do not appear to be substantially different at different locations
within the main residential-commercial section of Libby (Zones 1-3), but may be
somewhat higher closer to the mine (Zones 4 and 5). The levels of LA found in ambient
air around Libby are similar to levels of asbestos (unclear mineral types) that have been
observed in outdoor air in other locations. Current data are too limited to determine if
any time trend towards reduced levels in ambient air is occurring as a result of on-going
EPA cleanup activities, but collection of additional current and future ambient air data
will help answer this question.

If an individual were exposed to the observed concentrations of LA in ambient air for a
lifetime, excess cancer risks based on both risk models (USEPA 1986 and USEPA 2003)
would fall within the range that EPA usually considers acceptable (less than 1E-04).
However, it should be remembered that people may be exposed to LA by other pathways
in addition to ambient air, so cumulative risks will be higher than for ambient air alone.
These risk estimates may be revisited and appropriately revised as new data or risk
models, including models for non-cancer risks, become available.
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TABLE 1
PROCEDURE FOR IDENTIFYING AMBIENT AIR SAMPLES

Step

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

22a

23

Description

Select all air samples in Libby database meeting the query
restrictions specified in Attachment 1. This query was
performed on 1/11/05.
Exclude results for samples that were damaged, overloaded, or
not analyzed
Exclude results for samples identified as "blank" in Sample
Group

Exclude samples designated as "clean room" in Sample Group

Exclude samples designated as "auto" in Sample Group

Exclude samples designated as "clearance" in Sample Group

Exclude samples designated as "NAFU" in Sample Group

Exclude samples designated as "clear" in PrePoslClear

Exclude samples designated as "post" in PrePostClear

Exclude samples designated as "NAFU" in Location Description

Exclude samples designated as "make-up" (also "make up",
"makeup", "makup", "flake up", "negative", and "exhaust") in
Location Description

Exclude samples designated as "vac" in Location Description to
remove records related to vacuum truck, vac truck exhaust,
etc.
Exclude samples designated as "load out" (also "load-out",
"wasteout", "waste out", "bagout", "bag out") in Location
Description
Exclude samples designated as "exposure monitoring" in
Sample Group
Exclude samples designated as "clean room" (also
"cleanroom") in Location Description

Exclude samples designated as "decon" in Sample Group

Exclude samples designated as "decon" in Location
Description
Exclude samples designated as "containment" in Location
Description

Exclude samples analyzed by PCM only

Exclude samples designated as "BNSF Libby Railyard" in
Property Group
Exclude samples designated as "Screening Plant" (and all
variations of this address) in Property Group. Wore: ~Pre'
samples, and FA-1 samples collected when screening plant not
in operation {from January 2002 througn May 2002) were
retained
For properties with "Pre" samples designated: Exclude all non-
"Pre" samples and samples collected subsequent to the "Pre"
sample
For properties without "Pre" samples designated: Exclude all
samples not representative of "Pre" or backgound based on
field log notes. Note: deleted all records for cleanups that
occurred after December 2002.
For properties without "Pre" samples designated: Exclude
samples that were not verifiable as being background
Exclude samples collected from indoor-only cleanup properties
where outdoor air was monitored during interior cleanup -
property list taken from the WE 1/22/05 cleanup list maintained
by N. Parker (COM)

Justification

Starting data set.

No data associated with these records.

Only field samples are used in report; field blanks will be addressed
in a separate quality assurance report.
Samples are not representative of background conditions; "clean
room" is used during cleanup activities.

Do not fit outdoor criteria; "auto" indicates samples were collected
inside vehicles.

Samples are not representative of pre-cleanup (background)
conditions: clearance samples are associated with cleanup activities.

Samples not representative of background conditions; negative air
filtration unit (NAFU) monitored during cleanup activities.

Samples not representative of pre-cleanup (background) air
conditions; clearance samples are associated with cleanup activities.

Samples not representative of pre-cleanup (background) air
conditions; post-cleanup samples.
Samples not representative of background air conditions; NAFU in
use during cleanup activities.

Samples not representative of background conditions; make-up air
unit (a.k.a. NAFU) monitored during cleanup activities.

Samples not representative of background conditions: vac truck in
operation during cleanup activities.

Samples not representative of background conditions; load out areas
put in use during cleanup activities.

Samples not representative of background conditions; exposure
monitoring samples collected during cleanup activities.
Samples are not representative of background conditions; "clean
room" is used during cleanup activities.
Samples not representative of background conditions; decon trailer
in operation during cleanup activities.
Samples not representative of background conditions: decon trailer
in operation during cleanup activities.
Samples not representative of background conditions; containment
monitored during cleanup activities.
Since PCM does not discriminate between asbestos and non-
asbestos fibers, only samples analyzed by TEM retained.
Samples collected during asbestos abatement: activities not
representative of background conditions

"Pre" samples indicate background samples; all other samples
collected during periods when cleanup activies being conducted at
the adjacent screening plant area, which are not representative of
background conditions.

"Pre" samples indicate background samples; all other samples
collected during cleanup activities, which are not representative of
background conditions

Log notes were reviewed to determine if/when background samples
were collected. Background samples were not required to be
collected on exterior cleanups beginning January 2003.

Could not locate field log notes for 3 samples at 2 locations, samples
were excluded.

Samples collected during cleanup activities not representative of
background conditions.

Number of Analyses

Start

11,194

11,194

11,143

11,138

11,117

11,103

11,049

10,853

10,728

10,682

10,116

9,991

9.986

9,960

9,959

9,882

9.806

9,762

9,753

6.738

6.555

5.105

4,670

659

656

Excluded

-

51

5

21

14

54

196

125

46

566

125

5

26

1

77

76

44

9

3,015

183

1.450

435

4.011

3

200

Remaining

-

11.143

11.138

11,117

11,103

11,049

10,853

10,728

10,682

10,116

9,991

9,986

9,960

9,959

9.882

9.806

9.762

9,753

6,738

6,555

5,105

4,670

659

656

ÎPife

_Selection Process v2.xls, Table 1
12/5/2005



TABLE 2
SUMMARY STATISTICS FOR 404 AMBIENT AIR SAMPLES FROM LIBBY, MT

Zone

1

2
->j

4

5

ALL

Total
Samples

108

100

53

119

24

404

Total
Detects

12

2

2

40

4

60

Detection
Frequency

11%

2%

4%

34%

17%

15%

Detects Only

Air Concentration (s/cc)

Mean

1.3E-03

3.4E-03

9.5E-04

5.6E-03

4.0E-03

4.4E-03

Range (Min-Max)

2.0E-04 - 4.6E-03

3.4E-03 - 3.4E-03

2.2E-04 - 1.7E-03

3.2E-04 - 3.3E-02

1.4E-03 - 8.6E-03

2.0E-04 - 3.3E-02

Non-Detects Only

Analysis Sensitivity (cc)"1

Mean | Range (Min-Max)

3.5E-03

3.0E-03

3.0E-03

1.3E-03

2.3E-03

2.7E-03

1.9E-04 - 4.3E-02

1.9E-04 - 7.1E-03

2.0E-04 - 1.4E-02

2.1E-04 - 3.7E-03

2.9E-04 - 4.6E-03

1.9E-04 - 4.3E-02

All Samples
Mean Air

Concentration
(s/cc)

1.5E-04

6.8E-05

3.6E-05

1 .9E-03

6.7E-04

6.5E-04

90% Poisson Confidence
Interval

4.9E-05 - 1.8E-04

2.3E-05 - 6.4E-05

O.OE+00 - 2.5E-05

1.7E-03 - 2.1E-03

5.7E-05 - 7.1E-04

5.5E-04 - 6.8E-04

'e 2&3Summ Stats v2.xls



TABLE 3
SUMMARY STATISTICS FOR 33 AMBIENT AIR SAMPLES SELECTED FOR RE-ANALYSIS

PANEL A: INITIAL RESULTS

Zone

1

2

3

4

5

ALL

Total
Samples

11

13

8

0

1

33

Total
Detects

4

1

1

-

1

7

Detection
Frequency

36%

8%

13%

-

100%

21%

Detects Only

Air Concentration (s/cc)

Mean

1.3E-03

3.4E-03

1.7E-03

--

8.6E-03

2.7E-03

Range (Min-Max)

7.8E-04 - 2.7E-03

3.4E-03 - 3.4E-03

1.7E-03 - 1.7E-03

~

8.6E-03 - 8.6E-03

7.8E-04 - 8.6E-03

Non-Detects Only

Analysis Sensitivity (cc)"1

Mean

2.3E-03 '

2.8E-03

3.3E-03

-

--

2.8E-03

Range (Min-Max)

1.9E-04 - 4.7E-03

1.9E-04 - 4.6E-03

8.7E-04 - 4.8E-03

--

~

1.9E-04 - 4.8E-03

All Samples

Mean Air
Concentration

(s/cc)

4.7E-04

2.6E-04

2.1E-04

~

8.6E-03

5.7E-04

90% Poisson Confidence
Interval

1.5E-04 - 8.5E-04

6.5E-05 - 4.5E-04

O.OE+00 - 5.2E-04

-

O.OE+00 - 2.2E-02

2.6E-04 - 9.4E-04

PANEL B: RE-ANALYSIS RESULTS

Zone

1

2

3

4

5

ALL

Total
Samples

11

13

8

0

1

33

Total
Detects

6

6

3

~

1

16

Detection
Frequency

55%

46%

38%

--

100%

48%

Detects Only

Air Concentration (s/cc)

Mean

4.4E-04

2.9E-04

5.9E-04

-

2.4E-03

5.4E-04

Range (Min-Max)

9.9E-05 - 1.1E-03

6.5E-05 - 9.3E-04

9.6E-05 - 9.6E-04

-

2.4E-03 - 2.4E-03

6.5E-05 - 2.4E-03

Non-Detects Only

Analysis Sensitivity (cc)"

Mean

9.0E-05

9.8E-05

9.8E-05

--

~

9.6E-05

Range (Min-Max)

6.9E-05 - l.OE-04

9.5E-05 - l.OE-04

9.4E-05 - l.OE-04

-

~

6.9E-05 - l.OE-04

All Samples
Mean Air

Concentration
(s/cc)

2.4E-04

1.4E-04

2.2E-04

-

2.4E-03

2.6E-04

90% Poisson Confidence
Interval

1.7E-04 - 3.2E-04

8.7E-05 - 1.9E-04

1.3E-04 - 3.1E-04

~

1.6E-03 - 3.2E-03

2.2E-04 - 3.IE-04

Table 2&3 Summ Stats v2.xls



Figure 1
Ambient Air

Sampling Locations Stratified by Zone

See Map Legend (attached as page 2) for
description of the unique locations IDs.



MAP LEGEND

Zone

1

2

3

4

5

Map
Identifier

1

2
3
4

5
6

7

8

9

10

11
12
13
14

15
16
17

18
19
20
21
22

23

24

25
26
27

28
29

30

31

32
33
34
35

Location Description

141 7 Louisiana Ave

418 Mineral Ave - County Annex Building

510 W. 1stSt

605 Utah Ave

875 Highway 2 S - Stimson Lumber

952 E. Spruce St - Fitness Center

Champion Haul Rd

MillWork West

101 Ski Rd - Libby Middle School

110 Montgomery Dr

123Hamann Ave

150 Education Way - Libby High School

154 Ski Rd

1 56 S. Central Rd

21 13 Highway 2 W

247 Indian Head Rd - Plummer Elementary School

2608 W. 2nd St Ext

31 9 Norman Ave

500JayEffarRd

Armory

Export Plant

Lincoln County Landfill

34BowkerSt#13

3496 Highway 2 S

3504 Highway 2 S

781 Terrace View Rd

81 9 Cabinet Heights Rd
899 Farm to Market Rd - McGrade Elementary

Jerry Dean Park, McGrade School

Mine

Rainy Creek Rd

4241 Highway 37 N

KDC Flyway

Rainy Creek Bank

Screening Plant & Flyway

Number of Samples

2000

27

6

27

3

16
11

96

23

3

2001

30

12

12

4

1

4

6

4

2002

4

15
8
4

10

4

1

4

4
4
4
4
4
4
4

4

4

8
4

4

5
6
6

Total: 212 73 119

Map Legend.xls



FIGURE 2

CONCENTRATION OF LA IN 404 AMBIENT AIR SAMPLES FROM LIBBY

INITIAL ANALYSES
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FIGURE 3
CONCENTRATION OF LA IN 33 AMBIENT AIR SAMPLES FROM LIBBY

RE-ANALYSIS AT IMPROVED SENSITIVITY
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FIGURE 4. COMPARISON OF INTIAL AND RE-ANALYSIS RESULTS
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FIGURE 5. COMPARISON OF ASBESTOS LEVELS IN AMBIENT AIR IN LIBBY
TO OUTDOOR AIR FROM OTHER LOCATIONS
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PCME = structures counted by TEM that have dimensions that meet the PCM rules above
(b) TEM > 5 um = all structures counted by TEM with length > 5 um
(c) TEM = all structures counted by TEM (details on counting rules not reported)
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ATTACHMENT 1
MICROSOFT ACCESS QUERY FOR IDENTIFYING AMBIENT AIR SAMPLES

INITIAL QUERY
The Libby 2 Database was intially queried by Volpe on January 11, 2005.

Basic SQL Query Restrictions:
Media = Air
Matrix = Outdoor
Personal/Stationary = Stationary
Sample QC Type = Field Sample (FS)
Sample Date = 1/1/2000 through 11/30/2004

SQL Code:
WHERE (((dbo_tblSample.SamplePersonalStationary)="Stationary") AND
((dbo_refSampleMedia.SampleMediaDesc)="air") AND
((dbo_refSampleMatrix.SampleMatrixDesc)="outdoor") AND
((dbo_refSampleQCType.SampleQCTypeAbbr)="FS") AND ((dboJblSample.SampleDateBegin)
Between #1/1/2000# And #11/30/2004#));

SQL Query Results:
A total of 10,052 unique samples were identified (encompassing 4,190 PCM analyses, 4,115
AHERA analyses, and 3,383 ISO analyses in the Libby 2 Database as of January 11, 2005).

ADDITIONAL RESTRICTIONS
A series of 23 steps were used to restrict the initial query results from 10,052 samples to the subset of
404 ambient air samples utilized in the 2005 report. These steps were applied by COM in consultation
with EPA (January 18-26, 2005).

*See Table 1 for Step Details.

Step Results:
A total of 404 unique samples were identified (encompassing 105 AHERA analyses and 351 ISO
analyses in the Libby 2 Database as of January 11, 2005).

FINAL QUERIES
Because the Libby 2 Database is updated continually, analytical results for the 404 ambient air
samples may have been added or modified since the query performed by Volpe on January 11,
2005. In order to capture the most recent analytical results for the 404 unique ambient air samples,
TEM results for these samples were downloaded from the Libby 2 Database by SRC on September
19, 2005 into a Microsoft Access database.

Access Query Results:
For these 404 samples, a total of 146 AHERA analyses and 384 ISO analyses were available (as of
September 19, 2005, including Lab QC analyses).

Attach1_Query Details.xls, Attachment 1
12/5/2005



ATTACHMENT 2, DETAILED TEM RESULTS FOR AMBIENT AIR SAMPLES FROM LIBBY. MT

LOCATION & SAMPLE INFORMATION
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ATTACHMENT 2. DETAILED TEM RESULTS FOR AMBIENT AIR SAMPLES FROM LIBBY, MT
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ATTACHMENT 2. DETAILED TEM RESULTS FOR AMBIENT AIR SAMPLES FROM LIBBY, MT
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ATTACHMENT 2. DETAILED TEM RESULTS FOR AMBIENT AIR SAMPLES FROM LIBBY, MT

LOCATION & SAMPLE INFORMATION
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ATTACHMENT 2. DETAILED TEM RESULTS FOR AMBIENT AIR SAMPLES FROM LIBBY, MT

LOCATION 1 SAMPLE INFORMATION
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ATTACHMENT 2. DETAILED TEM RESULTS FOR AMBIENT AIR SAMPLES FROM LIBBY, MT
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WOJayElorM

MOJeyElerW

Champion Haul Rd

Champion Hard Rd

Champion Had Rd

Champion HateRd

TIITKtouVat«Rd

UlTonacaVMwRd

711 Terr oce View Rd

711 Terr ace VarwRd

l23Himenn AM

lllHamanaAve

12) Kimann AVI

llSHemamAve

111 Norman Aw

ll» Herman Art

WttarmanAve

111 Norman Ave

».,,,&..! Bank

Rerry Creek Bonk

RlfiyCrcikBenk

Retry Creek Bank

Reny Creik Bank

Re*y Creek Bank

WBowkarSieu

IS4SkiR<

154 Ski Rd

1S4SbRd

IS4SbRd

147 «an Head Rd - Ptummer Elementary School

147 vidien Head Rd - Phjnenci Elemenwy Schoel

111 Man Head Rd . Pfcnwai Elemenury Scnod

LoeauonOietnplhMi

Prorert/. FA-I

Ue.ere/FA-1

Ylrt I Mar* dl Wear Man to t*d yard

Property. SWMUhdory at otahueaM MM

Property. SE iDuaaai of aeehiawoa MM

riaeeny. fC boundary o( arohiaaaa MM

Proporfy NW peundary ol enfciion lone

Property. Sou*, end erdMMI area

Property. Colt end iioknuoo ana

Property. North OM* iwhiwofl wee

Ptoparry Wen end eitlnwon ana

Road. Sour and ol eitfcuon lane

Rood. North and of eahrcen tone

Road Eail and of etraiann inaa

Reed Well end ol eiduceui lone

Property. MrV knee bounder

Property. S fette boundary

Property SE lave boundary

Property. E lenea boundary

Property. North i«le eidwon )one

Property. Well nda iidutun lone

Property. Souai wit eidui»n lone

Property. EMI lele erUj.lon lone

Property. E. boundary

Property. Hbeindn

Prcpeity.W. boundary

Property. S. boundary

Property. Celt end iidjiion lone

Property. Norm tut tide nrjuian rani

Propoity. North well ud« eithlinn ten*

Property. Witt end etctifon tone

Property, Seulh welt trie eickjwoAiona

Property. South leu tide eickjuon lone

Property. SWtornef

Property. Slru

Property. « tell

Properly. E irde

Property Nidi

Proptrty. Welt irde «l oi£»m roni

Property. Spun tide of iickian lone

Property. Eatt irde ol licbtewi IBM

tilocledlor
Re-Ana»/rie

III

11

13

14

IS

hoe.D

1R-1M49

IR.I3t67

1M39e)1

1R-1427I

1R-14272

1R-I4273

IR.14276

1R-1450I

1R-I4502

1R-14503

IR-14504

1R-14E41

IR-14642

1R.14643

1R-I4644

IR-14706

IR.1I709

1R-14710

1R-14711

IR-14987

IR-I498B

IR.I4989

IR. 11990

IR- 15120

1R-15I2I

IR.I5I22

IR-15173

IR-15374

IR-15375

1H.I5376

1R-I5377

IR- 15378

1R.1537B

IR. 15911

IR-IS9I4

IR- 15915

IR- 15916

IR-I59I7

IR.I593I

IR- 15932

1R-15S33

Semfra

0410

5/1VB02

5/21/2002

673,700]

672/2002

072/7002

072/2002

I72r7002
8/17/7007

8(12/2002

6712/2002

1112/2002

611972002

8/19/2002

6/19/2002

6/19/2002

1/21/2002

e/28/2002

8/28/2002

1/28/2C02

9/4/200!

9(4/2002

9(4/2002

9/4/2002

9/10/2002

9110/2002

9/10/2002

9/10/2002

t/23/2002

9/23/2002

9/23/2002

9/23/2002

9/23/2002

9/23/2002

10/14/2002

10/16/2007

10/16/2002
10/16/2002

10/16/2002

10/12/2002

10/11(2007

10/1112007

ANALYSIS INFORMATION

C

ana
29611

294)10

30034

77434

77435

31315
32715

31722

31723

31724

31725

37974

37975

37976

32977

72436

33567

72437

33588

77439

33519

72439

31590

32453
32667

32436

32688

32437

32438

32703
34564

34566

34567

34568

35273

34369

35274

34370

35275
34371

35276

34372

35277

34373

35278

34374

35675

35677

35676

35679

35660

35643

35643
35644

Anafy.li
Method

TEU-AHERA

TEU-ISO 10312

TEUJU1ERA

TEU-AHERA

TEU-AHERA
T6U-AH6BA

TEUAHERA

TEhLArCRA

TEUAHERA

TEKWNERA

TEhUHERA

TEkMHERA

TEkVAHERA

TEU-AHERA

TE1AAHERA

TEU-AHERA

TEk4AHERA

TEU4S0103I2

TEM-AHERA

TEkHS010312

TEU-AHERA

TEU&010312
TEU-AHERA

TEU-K0103I2

TEH-AHERA

TEIMSOI0312

TEU-AHERA

TEUJSOI03I2
TEU-AHERA

TEU-AHERA

TEU4S010312
TEUJHERA

TEU-AHERA

TEU-AHERA

TEU-AHERA

TEU-AHERA

TEU-IS010312

TEU-AHERA

TEHWSOI0312
TEU-AHERA

TEU-IS0103I2

TEU-AHERA

TEU4S0103I2

TEUJ1HERA

TEU-ISO 10312

TEU-AHERA

TEkMSOI03l2
TEU-AHERA

TEU-AHERA
TEU-AHERA

TEU-AHERA

TEU-AKERA

TEU-AHERA

TEU-AHERA

TEU-AHERA

Antlyoll
Data

5/14/2002

V1672002

5/29/2002

674/2002

6730002

SO/MM

8/1/7002
8/3/2002

6/13/2002
8/13/7002

6/13/2002

8/11/2007

6/2077002

1/20/2002

1/20/2007
tOO/2002

t/2912002

8/29/2002

8/29/2002

~K29/2002

1/29/2002
8/29/2002

SOT/2002

6/79/2002

9/7/2002

9/7/2002

9/7/2002
9/712002

9/7/2002

9/7/2002

9/7/2002

9/7/2002

9/11/2002

9/11/2002

9/11/2002

9/11/2002

9/24/7002

101672002

9/24/2002

10/6/2002

9/74(2007
IOC/2007
9/24/2002

10/5/2002

9/24(7002

IOC/2002
9/21/2002

IOC/2002

10/15(7002

10/17/2002

10/17/7002

10/17/7002

10/17/2002

10/120002

10/12/2002

10/12/2002

Plan
Mollwl

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT
DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

DIRECT

OOl

5
10
5
5
5
S
f

5
5
5
5
5
5
5
5
5
4

10
J

10
5
10
5
10
6
10
6
10
6
10
6
10

5
5
5
5
6
10
5
10

5
10

5
10
5
10
5
10
5

5
5
i
5
S
S
5

00 tin

0.0129

00059

00179

0.0129

0.0129

00129

00179
00179

0.0179

0.0179

00179

0.0129

00129

00129

00129

00129

0.0129
0.0059

00178

0.0059

0.0179

0.0059

0.0129

0.0059

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.0129

0.0129

0.0179

0.0179

0.0179

0.0064

0.0179

0.0064

0.0179

0.0064

00129
0.0064

0.0179

0.0064

0.0129

0.0064

0.0129

00129

00129

00129

00129

00129

00129

0.0129

EM

316

385
315
365
38S
365
315

315
315
315
315
385
385
3>5
365
385
365
385
385
385
365
385
385
385
315
385
385
386
385

365
385
385
385
366
385
385
385
385

385
315
385
385
165
385
385

385
365
315
385

365
385
385
31S
385
38S
385

F.
FK|M

t
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1

1
1
I
1
1
1
1
1
1
1
1
1

1
1
I
1
l

1
1
1

1
1
1
1
1
1
1
1
1
1

1
1
1
1

1
1

Volume

ID

1460

1450

1799

1249

1290

1290

1270

1260

1316

1774

1267

1760

1388

1328

1337

1336

1523

1523

1370

1370

1320

1320

1269

1269

1372

1372

1360

1360

1341

1341

1259

1259

1239

1249

1290

1300

1252

1252

1266

1266

1260

1260

1246

1246

1277

1277

1260

1760

1760

1460

1449

1460

1449

1796

1223

1296

TEM RESULTS

NLA
SUvc

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Antrtaei
C«i»HMIy

41E-03

45603

466-03

41E-03

4.6E-03

466-03

47E-03

4.7E-03

45E-03

4.7E.05

4.7E-03

4.7E-03

4.3E-03

4.5E-03

45E-03

45E-03

49E-03

43E-03

446-03

41E-03

4SE-03

49E-03

4.7E-03

5.1E-03

4.3E-03

2.6E-03

4.36-03

2.EE-03

4.3E-03

2.6E-03

4.6E-01

2.8E-03

4 BE -03

4.1E03

4.7E.03

4.6E-03

46E-03

48E-03

4.7E-03

4.6E-03

47E-03

48E-03

46E-03

4.8E-03

4.7E-03

47E-03

4.7E.03

48E-03

47E-03

4IE-03

4.IE-03

4.IE43

41E-03

46E-03

4.9E-03

46E-03

A* Cone

|olH)

OOE-00

OOE-00

OOE-00

O.OE-00

OOE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

OOE-00

OOE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OEjOO_

O.OE-OO"
O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

OOE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

"o.oE-ob
OOE-00

O.OE-00

O.OE-00

O.OE-00

OOE-00

O.OE-00

O.OE-00

O.OE-00

KHPol.aenCI.Alt
Cm l«/ec|

OAE-00 • I.2E-02

O.OE-00 - 1 36-02

O.OE-00 - 14E-02

OOE-00 • KE-02

O.OE-00 - 1.4E-07

O.OE-00 - 1.4E-02

O.OE-00 - I.4E-02

O.OC-00 - 1 4E-02

OOE-00 • KE-02

O.OE-00 - 1.4E-07

O.OE-00 - 1.4E-02

O.OE-00 • 1.46-02

OOE-00 • 13E-02

OOE-00 • 136*2

OOE-00 • 1.3E-02

O.OE-00 • 13E-02

O.OE-00 - 1.5E-02

OOE-00 - I.3E-02

O.OE-00 - I.3E-02

O.OE-00 - 1.4E-02

O.OE-00 • I.4E-02

O.OE-00 • I.6E-02

O.OE-00 • 1.46-02

O.OE-00 • 1.5E-02

O.OE'OO • 1.3E-02

O.OE-00 • I.3E-02

O.OE-00 - 7.7E-03

OOE-00 . 1.3E-02

O.OE-00 - 7.8E-03

O.OE-00 - 1.IE-02

O.OE-00 - 6.3E-03

OOE-00 - KE-02

O.OE-00 . I.4E-02

O.OE-00 - KE-02

O.OE-00 • I.4E42

O.OE-00 • I.4E-02

O.OE-00 • KE-02

O.OE-00 • KE-02

doE-Si" 1.4E-02

O.OE-00 • 1.4E-02

O.OE-00 • KE-02

04E-00 - KE-02

OOE-00 - 1.4E-02

OOE-00 • I.4E-02

O.OE-OO • 1.4E-02

O.OE-00 - 1~4E-02~

O.OE-00 • KE-02

OOE-00 • I.2E-02

O.OE-00 • I.2E-02

O.OE-00 - I.2E-02

O.OE-00 • I.2E-02

O.OE-00 • KE-02

OOE-00 • I.5E-02

O.OE-00 • KE-02

POOLED 1CM RESULTS

ToWN LA
(UIK

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0

0

0

0

0

0

0
0
0
0
0

0

0

0

0

0

0

0
0
0
0
0
0
0

Tola!
Antwnt

CvaL lad)

4.7E-02

2.2E-02

2.1E-07

2.2E-02

2.2E-02

2.IE-02

2.1E-02

22E-02

2.1E-02

2.1E-02

2. IE -02
23E-02

2.2E-02

22E-02

22E-02

4.4E-02

4.4E-02

4.2E-02

4.1E-02

6.3E-02

6.2E-02

6.1E-02

5.8E-02

2.IE-02

2. IE -02
2.IE-02
2.2E-02

4.2E-02

4.2E-02

4.2E-07

4.2E-02

43E-02

4.2E-02

2.IE<2

2.4E-02

2.4E-07

! 46-02

2.4E-02

2.2E-02

2.0E-02

2.2E<2

Tola!

<«)"

2.1E-03

406-03

4.6-0)

466-03

4.66-03

47E-03

47E-03

456-03

471-03

4.7E-03

47E-03

436-03

45E-03

456-03

456-03

23EJJ3

236-03

2.4E03

25E-03

1.6E43

1.6E-03

16E-03

1.7E-03

4.8E-03

46E-03

4.7E-03

4.6E-03

2.4E-03

2.4E-03

24E-03

2.4E-03

23E-03

2.IE-03

4.7E-03

4.1E-03

4.IE-03

4.1E-03

4.1E-03

4.6E-03

49E-03

I.6E-03

roaoHTEU

(eta.)

o.oe-oo

OOE-00

OOE-00

O.OE-OD

0.06̂ 10

Q.OE-00

OOE-00

OOE-00

O.OEXIO

O.OE<0

OOE-00

o.oe-oo
O.OE-00

O.OE-00

o.oe-oo
O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00
O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

OOE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

O.OE-00

hoMTEHAIlCwt
(<M

O.OE-00 . 1.46-03

OOE-00 - 1.46-02

O.OE-00 • 14£-02

O.OE-00 - 1 4£-02

0 06-00 . 1 46-02

O.OE-00 • 1 46-02

O.OE-00 - 1.4E-02

OOE40 - 1.4EJ)2
O.OE-00 - 1.46-02

O.OE-00 - 1.4E-07

OOE-00 - 14E-0?

OOE-00 • 1.3E-07

OOE-00 • 1.36-02

O.OE-00 • I.3E-02

O.OE-00 - 1.3E-02

O.OE-00 • 686-03

O.OE-00 - 6.1E-03

O.OEfW - 7,16-03

O.OE-00 • 7.4E-03

O.OE-00 - 1.96-03

O.OE-00 • I.8E-03

O.OE-00 . 4.9E-03

O.OE-00 - 9.2E-03

O.OE-00 • KE-02

OOE-00 • 1.4E-02

O.Oe-00 - 1.4E-02

O.OE-00 • 1.4E-02

OOE-00 • 7.2E-03

O.OE-00 • 7.1E-03

O.OE-00 . 7.1E-03

O.OE-00 - 7.2E-03

O.OE-00 - 7.0E-03

OOE-00 • 7.1E-03

OOE-00 • KE-02

O.OE-00 • I.2E-02

O.OE-00 - I.2E-02

O.OE-00 --I.2E-02

O.OE-00 • 1.2E-02

O.OE-00 • KE-02

O.OE-00 • 1.5E-02

OOE-00 • 1.46-02
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ATTACHMENT 2. DETAILED TEM RESULTS FOR AMBIENT AIR SAMPLES FROM LIBBY, MT
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ATTACHMENT 2. DETAILED TEM RESULTS FOR AMBIENT AIR SAMPLES FROM LIBBY, MT

LOCATION & SAMPLE INFORMATION
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ATTACHMENT 3. DETAILED TEM RESULTS FOR AMBIENT AIR SAMPLES THAT WERE RE-ANALYZED
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ATTACHMENT 4

MONTE CARLO SIMULATION OF UNCERTAINTY IN THE
MEAN OF MULTIPLE MEASUREMENTS OF ASBESTOS IN AIR

1.0 INTRODUCTION

Exposure of humans to environmental contaminants is usually evaluated on the basis of
an exposure unit. If multiple measures of concentration of a contaminant exist for the
exposure unit, the preferred statistic for use in exposure assessment is the mean across all
relevant samples. However, the true mean can only be estimated from a finite set of
measurements, so there is uncertainty in the estimate of the mean. Methods are well
developed for estimating the uncertainty around the mean when the value for each sample
is considered to be accurate and the only source of uncertainty is variability between
different samples (EPA 2002). However, in the case of measures of asbestos
concentration in air, each individual sample result has uncertainty that is related to the
total number of asbestos structures observed and the total amount of sample analyzed.
This document summarizes a Monte Carlo based simulation approach for characterizing
the uncertainty around the mean of a set of asbestos air samples.

2.0 SIMULATION APPROACH

The concentration of asbestos in an air sample is computed from the analytical results of
a microscopic examination of the air filter using the following equation:

C = N-S

where:

C - concentration in air (s/cc)
N = total number of asbestos structures observed during analysis
S = sensitivity (cc)"1

The value of sensitivity is given by:

S = EFA/(GOAgo-V-IOOO)

where:

EFA = Effective filter area (mm2)
GO = Number of grid opening evaluated
Ago = Area of one grid opening (mm2)
V = volume of air drawn through the filter (L)
1000 = Conversion factor (cc per L)



Note that sensitivity is best interpreted as 1 / the volume of air that passed through the
portion of the filter examined by the microscopist.

The number of structures observed in any given analysis of a sample is a random variable
described by the Poisson distribution: .

N = Poisson(X / S)

where:

X = True concentration (s/cc)
S = Sensitivity (cc)'1

The-best estimate of X is equal to N0bserved'S, so that the uncertainty distribution around
any observed N is given by:

N ~ PoisSOn(N0bserved)

Thus, given a set of "i" samples, each with a measured value for N; and Sj, the
uncertainty distribution around the mean of the samples is simulated as follows:

Step 1: Draw a random value for Nj for each sample "i" from the Poisson distribution
for that sample: N, = Poisson(N0bserved)i

Step 2: Compute the concentration for each sample as Q = Nj-Sj
Step 3. Compute the mean concentration across the set of "i" samples
Step 4: Repeat steps 1 to 3 many times, recording the mean value each time
Step 5: Find the 5' and 95th percentile values of the distribution of the mean values.

This represents the uncertainty bounds around the best estimate of the mean.

3.0 REFERENCES

EPA. 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at
Hazardous Waste Sites. Office of Emergency and Remedial Response. US
Environmental Protection Agency. OSWER 9285.6-10. December 2002.
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Summary of Published Measurements
of Asbestos Levels in Ambient Air

1.0 Introduction

Libby, Montana, is a community that has been impacted by past and potentially on-going
releases of asbestos into air from waste materials associated with historic mining
activities at a nearby vermiculite mine. However, it is important to understand that
asbestos is a naturally occurring material and has also been widely used in commercial
products in the past, and particles of asbestos are often detectable in air at locations that
are not associated with any specific sources. The purpose of this technical memorandum
is to summarize data from published reports on the levels of asbestos that have been
reported in air at a number of other locations across the country. These data provide a
perspective on "background" levels of asbestos in air, and may help with risk
management decision making at the site.

2.0 Strategy for Locating Information on Airborne Concentrations of Asbestos

Primary and secondary literature sources were screened for information on ambient
concentrations of airborne asbestos in outdoor air and in buildings. Documents prepared
by ATSDR (2001) and WHO (1998) were init ially screened for information on airborne
concentrations of asbestos and relevant references. Relevant references identified in
these documents were subsequently reviewed for additional sources of information.
Bibliographic searches were conducted using Medline and Toxline to identify any recent
documents published since the reviews by ATSDR (2001) and WHO (1998). A keyword
search was conducted on the internet using Google. Ultimately, the most useful approach
for identifying relevant data was screening of the secondary sources and review articles.
No additional relevant data were identified by the Medline, Toxline, or internet searches.
Types of data intentionally excluded were occupational exposure data, data collected in
regions with "natural" sources (e.g., data for California schools near serpentine rock
outcrops), and data associated with building collapse or demolition (e.g., levels
associated with destruction of the World Trade Center).

3.0 Results

Summarization and evaluation of data on asbestos levels in air are complicated by the
large number of independent variables which may influence the data, including:

• Analysis method (PCM, TEM) and counting rules (ISO, AHERA, Yamate, etc.)
• Asbestos type (chrysotile, amphibole)
• Sample collection location (indoors, outdoors, urban, rural)
• Sample collection method (stationary sampler, personal sampler)
• Sample preparation (direct, indirect)
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For the purposes of this summary, data have been characterized based on analytical
method and sampling location. The units reported are those used in the cited reference.
With the exception of the data reviewed by ATSDR (2001), which appear to include
concentrations obtained by various analytical methodologies and are expressed in units of
PCM fibers, the data reported were generally obtained using transmission electron
microscopy and a direct transfer method for analysis.

Data from NRC (1984) (as cited in ATSDR 2001) indicate that ambient outdoor air
remote from any special sources generally contains 3x10~8 to 3xlO"6 PCM f/mL, whereas
the median concentration in U.S. cities is 7.5xlO~5 PCM f/mL. The Health Effects
Institute-Asbestos Research (1991) reports that the average concentration of asbestos in
rural air is Ixl O"5 PCM fibers/mL (see additional data from the HEI-AR review below).
Most ambient air concentrations in urban areas range from 3x10~6 to 3x10~4 PCM f/mL,
but may range up to 3xlO"3 PCM f/mL near local sources (Corn, 1994; EPA, 1991; I ARC,
1977; Nicholson and Pundsack, 1973; Selikoffet al., 1973). Two additional
investigations reported in WHO (1998) and cited in ATSDR (2001) indicate that levels of
asbestos in outdoor air in the U.S. range from not detected to 8x10~3 PCM f/mL, with
mean and median levels of 5xlO"5 PCM f/mL and SxlO"4 PCM f/mL, respectively.
ATSDR (2001) did not provide information on the geographical distribution of the
sampling programs associated with these estimates or the analytical methodology
employed.

Chesson et al. (1990) reported the results of a study in which the U.S. Environmental
Protection Agency (U.S. EPA) sampled air inside and outside 49 government-owned
buildings for asbestos. The results of this study are also reported in U.S. EPA (1988),
Crump and Farrar (1989), and Spengler et al. (1989). The geographical distribution of
the buildings included two cities on the east coast, one midwestern city, one western city,
and a west coast region consisting of two cities. Three types of buildings were defined:
1) buildings without asbestos containing material (Category 1); 2) buildings with all or
most asbestos-containing material in good condition (Category 2); and 3) buildings with
at least one area of significantly damaged asbestos-containing material (Category 3). Air
samples were collected at seven locations inside each building (two samples per location)
and at one location outside of each building. Within the buildings, approximately 50% of
the air samples were collected near the most damaged asbestos-containing material, while
the remaining samples were collected from public areas. Air samples were analyzed by
transmission electron microscopy (TEM) using a direct transfer preparation technique.
All asbestos structures, including fibers, bundles and clusters, and asbestos-containing
matrices, were included in total structure counts. A comprehensive quality assurance
plan covered all aspects of the study.

The results of this study are summarized in Table 1. Data were obtained from a total of
387 air samples. No asbestos structures were detected in 83% of the samples. The mean
concentration of asbestos in outdoor air was 0.00039 ± 0.00096 s/cc. The median
concentration in outdoor air was <0.00001 s/cc. Pairwise statistical comparisons showed
that the concentration of asbestos in indoor air did not differ significantly from the
concentration in outdoor air.
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Table 1 Airborne Asbestos Levels Reported by Chesson et a I. (1990)"

Statistic

Sample size
Median
Mean
Standard Dev.

Outdoor Air
(s/cc)

48 sites
O.OOOOl
0.00039
0.00096

Buildings (s/cc)
Category 1

(No Asbestos)
6 buildings

0.00010
0.00099"
0.00198

Category 2
(Good Condition)

6 buildings
0.00040
0.00059
0.00052

Category 3
(Damaged)
37 buildings

0.00058
0.00073
0.00072

"Statistics were calculated using the average concentration within each building (indoor samples) or the
concentration outside each building (outdoor samples) as the basic data.
bThis mean was heavily influenced by one sample that gave an unusually high estimate of airborne
asbestos concentration. If the sample is excluded as an outlier, the mean is 0.00020 s/cc.

In a brief correspondence, Crump (1990) reported average indoor concentrations of
airborne asbestos fibers in 71 schools, 34 Minnesota universities, and 72 Maryland public
buildings involved in litigation regarding the presence of asbestos-containing materials
(Table 2). No data for outdoor air were included. Data were reported for fibers > 5 jam
(method of analysis not reported). In addition, Crump (1990) reported indoor
concentration data for fibers >5um in Government Services Administration (GSA)
buildings surveyed by the U.S. EPA.

Table 2 Average Indoor Concentrations of Airborne Asbestos Fibers > 5 urn
(Crump, 1990)

Sites
GSA Buildings - No ACM
GSA Buildings - Undamaged ACM
GSA Buildings- Damaged ACM
Schools
Minnesota Universities
Maryland Public Buildings

No. of Buildings
6
6
37
71
34
72

No. of Samples
42
42
256
328
170
91

Structures/cm1

0.0
0.00007
0.00008
0.00024
0.00003
0.00009

Abbreviations: ACM, asbestos-containing materials

The Health Effects Institute - Asbestos Research (HEI-AR, 1991) reviewed and
synthesized information on airborne asbestos concentrations in public and commercial
buildings and outdoor air. Information sources included peer-reviewed publications and
unpublished reports. The data included here are taken from the executive summary of the
document. The average concentration of asbestos fibers > Sum in outdoor air in rural
areas (except near asbestos-containing rock outcrops) was reported to be on the order of
0.00001 f/mL, with average levels in urban areas being up to approximately 10-fold
higher. These averages are based on direct measurement methods using TEM. The
report noted that airborne concentrations above 0.0001 g/mL have been reported as a
result of local sources, including proximity to areas of frequent vehicle braking or
activities involving the demolition or application of asbestos products.

HEI-AR (1991) also reported airborne concentrations of asbestos inside schools,
residences, and public and commercial buildings. Data were reported as means for all
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samples pooled and for samples stratified by building type and litigation status. Indoor
levels of airborne asbestos were measured in 1377 air samples collected from 198
buildings containing asbestos-containing materials, but not involved in litigation, and in
1260 samples collected for litigation purposes from 231 buildings. For buildings not
involved in litigation, the mean concentration for pooled samples is 0.00027 f/mL, with
90th and 95th percentile values of 0.0007 and 0.0014 f/mL, respectively. Table 3
summarizes mean concentrations of asbestos fibers > Sum by building category and
litigation status. Some samples were collected in areas with higher levels of asbestos as a
result of custodial or maintenance activities. Because the means were sensitive to these
higher concentrations, subsets of data excluding the highest measured concentration were
also analyzed ("Selected Data", Table 3).

Table 3 Summary of Airborne Asbestos Concentrations by Building Type and
Litigation Status (HEI-AR, 1991)"

Building Category

Schools/Colleges
Residences
Public/Commercial
All Buildings

Non-Litigation
All Data
0.00051
0.00019
0.00020
0.00027

Selected Data
0.00038

-
0.00008

-

Litigation
All Data
0.000 11

< Limit of Detection
0.00006

--
* As reported in the Executive Summary

Lee et al. (1992) reported the concentration of airborne asbestos inside and outside of
buildings that were the subject of litigation related to suits alleging that the general
building occupants were exposed to a potential health hazard as a result of exposure to
asbestos-containing materials. A subset of these data (for airborne concentrations in 71
schools) were published by Com et al. (1991). The analytical procedures used were
reported in detail. Typically, one outdoor and five indoor samples were analyzed for
each building. Samples were analyzed by TEM. Structures with an aspect ratio of greater
than 3 to 1 length to width were identified morphologically. Bundles, clusters, and
matrices were classified according to the U.S. EPA level II protocol (Yamate et al.,
1984). The number, length, width, aspect ratio, and type were recorded for all particles
having a length:width ratio greater than 3:1. Particles meeting this definition were
classified as chrysotile, amphibole, or nonasbestos using definitions developed by
Yamate et al. (1984). According to the authors, all amphiboles were reported as asbestos,
although (in general) the amphiboles observed were not asbestiform. The following
concentrations were calculated for each individual sample: the total structures per unit air
volume (s/mL), the number of fibers > 5u,m (f/mL), the number of fibers > 5u.m with a
width of at least 0.25 urn (i.e., the fraction of "optically equivalent" structures that would
be identified by phase contrast microscopy), and the number of fibers having length >
0.5u.m and at least five times the width (i.e., AHERA fibers, s/mL). Samples with no
asbestos fibers counted were treated as 0 s/mL for statistical analyses. Air samples
collected within each building were averaged prior to calculation of summary averages
and percentiles. Averages and percentiles for outdoor and personal air are based on
individual data rather than building averages.
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A total of 2892 air samples from 315 public, commercial, residential, school, and
university buildings were analyzed by TEM. This total included 1693 indoor samples,
759 outdoor samples, 106 personal samples and 334 blanks. The data from schools
includes measurements reported for 71 schools also reported by Com et al. (1991, 1994)
and the data for universities includes measurements reported in the brief correspondence
by Crump et al. (1990; see above). No asbestos was detected in 75% of the outdoor
samples and 48% of the indoor samples. Summary statistics for outdoor air are shown in
Table 4. The average concentration of asbestos structures for all outdoor air samples was
0.00188 s/mL; the average concentration for asbestos fibers > 5u.m for all outdoor air
samples was 0.00005 f/mL. The corresponding mean concentrations were 0.02485 s/mL
and 0.00013 f/mL for all indoor air samples and 0.00866 s/mL and 0.00012 f/mL for
personal samples (Table 5). There were significant differences in the concentration of
total asbestos structures among all building types and between indoor and outdoor air.
For fibers > Sum, there was no significant difference in indoor concentrations among
buildings or between indoor and outdoor concentrations for commercial, public, or
university buildings; however, the level of fibers > 5um in schools was significantly
higher indoors than outdoors.

Table 4 Summary Statistics for Asbestos in Outdoor Air (Lee et al., 1992)

Statistic'

Mean ±
Standard Dev.
Median
90lh Percentile

Total
Structures

(s/mL)
0.001 88 ±
0.00854
0.00000
0.00437

Asbestos Fibers
> Sum
(f/mL)

0.00005 ±
0.00040
0.00000
0.00000

AHERA
(s/mL)

0.00134 ±
0.0060
0.00000
0.00000

Optical
f/mL

0.00002
±0.00026
0.00000
0.00000

' n=759 samples

Table 5 Comparison of Airborne Asbestos Concentrations in Indoor, Outdoor and
Personal Air (Lee et al. (1992)

Sample Type

Indoor
Outdoor
Personal

No. of Samples

1693
759
106

Total structures
(s/mL)

0.02485
0.00188
0.00866

Asbestos Fibers >
Sum

(f/mL)
0.00013
0.00005
0.00012

AHERA
(s/mL)

0.01193
0.00134
0.00465

4.0 Summary

Figure 1 summarizes the data presented above, stratified by analysis method and
sampling location. As seen, ambient levels of asbestos range widely, regardless of
analytical method and sampling location. This variability is not unexpected, since
concentration levels in air depend not only on the concentration of asbestos in source
materials, but also on the nature and intensity offerees that act on the fibers to cause
them to become suspended in air.



DRAFT--FOR USEPA REVIEW ONLY

In outdoor air in rural and remote areas, reported levels range from 10~8 to 10"5 PCM
fibers/mL. Ambient levels in outdoor air in urban areas are generally somewhat higher,
mainly ranging from 10"5 to 10~3 PCM fiber/mL. Estimates for outdoor and indoor air
based on total TEM structures then to be mainly in the 10"4 to 10'2 fibers/mL range, while
concentrations of fibers longer than 5 urn (these are the particles suspected to be of
greatest health concern) tend to fall mainly in the 10~5 to 10"3 fibers/mL range.
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FIGURE 1. SUMMARY OF ASBESTOS DATA IN AMBIENT AIR
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